In this talk we review the physics of top-quark mass generation in models of dynamical electroweak symmetry breaking and the constraints on this physics arising from limits on the deviation of the weak interaction p-parameter from one. We then discuss top-color assisted technicolor in this context. § 1. mt in models of dynamical electroweak symmetry breaking
where we have been careful to note that it is the value of the technifermion condensate renormalized at the scale METe which is relevant. For a QCD-like technicolor, where there is no substantial difference between (UU) METe and (UU) ATe, we can use naive dimensional analysis 2 ) to estimate the technifermion condensate, arriving at a top-quark mass g2 mt ~ ~4nP 3 ,
ETC (1·3)
where F is the analog of the pion decay-constant (93 MeV, in my normalization) in QCD. We can invert this relation to find the characteristic mass-scale of top-quark mass-generation 3 1 METC ~ 1 Te V (
-
----------------------
•) Talk presented by R. We immediately see that the scale of top-quark mass generation is likely to be quite low, unless the value of the technifermion condensate ( (UU) METe) can be raised significantly above the value predicted by naive dimensional analysis. The prospect of such a low ETC-scale is both tantalizing and problematic. As we will see in the next section, constraints from the deviation of the weak interaction p parameter from one suggest that the scale may have to be larger than 1 Te V.
The most promising approach 3 ) to enhance the technifermion condensate and accommodate the top-quark mass is "strong-ETC". As the size of the ETC-coupling approaches the critical value for chiral symmetry breaking, it is possible to enhance the running technifermion self-energy E(k) at large momenta (see Fig. 1 ). Since the technifermion condensate is related to the trace of the fermion propagator,
a slowly-falling running-mass translates to an enhanced condensate.*) Unfortunately, there is no such thing as a free lunch. As we see from Fig. 2 , the enhancement of the technifermion self-energy in strong-ETC theories comes at the cost of a "fine-tuning" of the strength of the ETC coupling relative to the critical value where the ETC interactions would, in and of themselves, generate chiral symmetry breaking. In the context of the NJL approximation, 6 ) we find that enhancement of the top quark mass is directly related to the severity of this adjustment,
*) More physically, in terms of the relevant low-energy theory, it can be shown that the enhancement of the top-quark mass is due to the dynamical generation of a light scalar state. s) The physics which is responsible for top-quark mass generation must violate custodial SU(2) since, after all, this physics must give rise to the disparate top-and bottom-quark masses. GeV. Alternatively, we may re-write the bound as
Direct contributions
If M/g is of order 1 TeV, it is necessary that the sector responsible for top quark mass generation not give rise to the bulk of EWSB. This is essentially what happens in multiscale models 12 ), 13 ) and in top-color assisted technicolor. 9 )
Indirect contributions
A second class of potentially dangerous contributions come from isospin violation in the technifermion mass spectrum. In a manner analogous to the contribution 14 ) of the t-b mass splitting to L1p, any difference in the dynamical masses of two technifermions in the same doublet will give rise to deviations in the p parameter from one. The size of this effect can be estimated a la Pagels-Stokar, 
Furthermore, if QCD is the only interaction which contributes to the scaling of the t and b masses, we expect Llm(METC) ~ mfole, and from scaling properties of the technifermion self-energies, we expect LlE(O) ;(: LlL'(METc).
•) Perhaps, given the crude approximations involved, one may be able to live with d = 2 in the fundamental of SU (2) technicolor group with one doublet. There are two ways to avoid these constraints. One is that perhaps there are additional interactions which contribute to the scaling of the top-and bottom-masses below the ETC scale, and hence that Lim( METe) « mfole. This would be the case if the t and/or b get only a portion of their mass from the technicolor interactions, and would imply that the third generation must have (strong) interactions different from the technifermions (and possibly from the first and second generations). Another possibility is that the t and b get mass from different technidoublets, each of which have isospin-symmetric masses. The first alternative is the solution chosen in top-color assisted technicolor models (see below), while the latter has only recently begun to be explored. 16 ) §3. Case study: Top-color assisted technicolor Recently, 9 ) Hill has introduced a model in which a top-condensate is driven by the combination of a strong, but spontaneously broken and non-confining, isospinsymmetric top-color interaction and an additional (either weak or strong) isospinbreaking U(1) interaction which couple only to the third generation quarks. At lowenergies, the top-color and hypercharge interactions of the third generation quarks may be approximated by four-fermion operators (3·2)
The contribution of the top-color sector to electroweak symmetry breaking can be quantified by the F-constant of this sector. In the NJL approximation, 6 ) for M of order 1 TeV, and mt ~ 175 GeV, we find
(3·3)
Direct isospin violation
As ft is small compared to 246 GeV, technicolor is necessary to produce the bulk of EWSB and to give mass to the light fermions. However, the heavy and light fermions must mix -hence, we would naturally expect that at least some of the technifermions carry the extra U(1) interaction. If the additional U(1) interactions violate custodial symmetry,*) the U(1) coupling will have to be quite small to keep this contribution to
•) It has been noted 16 ) that if the top-and bottom-quarks receive their masses from different technidoublets, it is possible to assign the extra U(l) quantum numbers in a custodially invariant fashion. Llp* small. 11 ) We will illustrate this in the one-family technicolor 10 ) model, assuming that techniquarks and technileptons carry U(1)-charges proportional to the hypercharge of the corresponding ordinary fermion.*) We can rewrite the effective U(1) interaction of the technifermions as
where If/ and L are the techniquark and technilepton doublets respectively. From the analysis given above (Eq. (2·4)), we see that the contribution to Llp* is: 11 ) (3·5) Therefore if M is of order 1 TeV, and the extra U(1) has isospin-violating couplings to technifermions, ,;1 must be extremely small.
Indirect isospin violation
In principle, since the isospin-splitting of the top and bottom are driven by the combination of top-color and the extra U(1), the technifermions can be degenerate. In this case, the only indirect contribution to the p parameter at one-loop is the usual contribution coming from loops of top-and bottom-quarks. 14 ) However, since there 
Fine-tuning
Finally, we must require that the sum of the effects of Eqs. (3·5) and (3·7) do not give rise to an experimentally disallowed contribution to the p parameter. Equation (3·5) implies that ,; 1 must either be very small, or M very large. However, we must also simultaneously satisfy the constraint of Eq. (3·2), which implies that Ll,;tc = I t;;tc -t;;c I :::; ~ ,;1 .
t;;c t;;c
Therefore, if M is low and "'I is small, the top-color coupling must be tuned close to the critical value for chiral symmetry breaking. On the other hand, if ,..; 1 is not small and M is relatively large the total coupling of the top-quark must be tuned close to the critical NJL value 6 ) for chiral symmetry breaking in order to keep the top-quark mass low, Ll,..;eff _ "'!II -"'c "' c "' c
These two constraints are shown in Fig. 3 . For M > 1.4 Te V, we find that either L1,..;tc/"'c or Ll,..;eti/"'c must be tuned to less than 1%. This trade-off in fine tunings is displayed in Fig. 3 . For the "best" case where both tunings are of order 1%, M = 4.5 TeV. The region excluded by the experimental constraint on Llp. is above the solid curve. §4.
Conclusion
We have seen that a large top quark mass has a number of important implications for dynamical electroweak symmetry breaking:
• A large top-quark mass naturally implies, in models of dynamical electroweak symmetry breaking, the possibility of a correspondingly low scale for the scale of top flavor-physics.
• The physics responsible for the large isospin breaking in the t-b mass splitting can lead to potentially dangerous "direct" and "indirect" effects in the W and Z masses.
• The direct and indirect effects can be mitigated if the sector which is responsible for the top-and bottom-masses does not provide the bulk of electroweak symmetry breaking and, conversely, if the sector responsible for the W and Z masses gives rise to only a small portion of the top-and bottom-masses. This can happen only if the top and bottom feel strong interactions which are not shared by the technifermions and, possibly, the first two generations.
• In top-color assisted technicolor, the extra top-color interactions give rise to additional indirect contributions to Ll.p, and we must require that M 9 ;(; 1.4 TeV.
Furthermore, if the extra U(l) has isospin-violating couplings to technifermions, we require fine-tuning of order 1%.
